The toxicity of isopropyl myristate (IPM) to microorganisms varies from lot to lot and between manufacturers. The toxicity is not directly proportional to the number and level of IPM homologues present nor to the small quantities of fatty acids, alcohols, aldehydes, or ketones found in both filter-and heat-sterilized IPM. The toxicity of IPM, both filter-and heat-sterilized, has no correlation with the usual physical and chemical characteristics of IPM but shows excellent correlation (correlation coefficient, r = 0.88) with the pH of a water extract of IPM. The toxic compounds can be removed and the toxicity of both filter-and heat-sterilized IPM can be reduced by basic alumina treatment. These findings may indicate that trace amounts of acidic catalysts remaining after production of IPM are responsible for the toxic effect.
In 1964, eight cases of severe eye disorder were reported in Sweden in workmen treated with an ophthalmic ointment (4) . As a result of the infection, one patient lost an eye and a second suffered reduced vision. Pseudomonas aeruginosa was isolated both from the infected eyes and from the ointment used in the treatment. After this unfortunate incident, Scandinavian countries have placed a sterility requirement on ophthalmic ointments (5) . Since then, several European countries are requiring sterility of ophthalmic ointments (1, 2), and an announcement appeared in the Third Interim Revision of the USP XVIII which would require all ophthalmic ointments marketed in the United States to be sterile after 1 June 1973 (8).
The bacteriological retentative membrane filtration method in which isopropyl myristate (IPM) is used as a solubilizing agent has been adopted by USP XVIII for sterility testing of ophthalmic ointments (7) . Because it was shown that filter-sterilized IPM makes it possible to recover organisms that were not found when heat-sterilized IPM was used (6) , the possibility appeared to exist that differences in manufacturing methods and subsequent purification steps of IPM may cause differences in toxicity of filter-sterilized IPM from lot to lot or between manufacturers. Therefore, it appeared desirable to establish guidelines for selecting IPM suitable for sterility tests. Although the D value (time in minutes required to kill 90% of the test microorganisms) of IPM is indicative of the solvent's toxicity, the determination is lengthy and cumbersome. The purpose of this study is to elucidate the toxicity of the filterand the heat-sterilized IPM in order to develop a test which measures the toxicity of IPM for microorganisms.
MATERIALS AND METHODS Test microorganism. IPM was shown by Tsuji et al. (6) to be more toxic to gram-negative than to gram-positive microorganisms, and Pseudomonas aeruginosa was the most sensitive to IPM among the gram-negative microorganisms tested. A clinical isolate of P. aeruginosa UC104 (ATCC 10145) found to be the most sensitive to IPM among eight cultures tested (6) (ii) For the determination of isopropanol, acetone, propionaldehyde and other heat-catalyzed decomposition products in heat-sterilized IPM, an F and M model 400 gas chromatograph with a 3-by 1,850-mm glass column packed with Porapak Q (Water Associates, Inc., Framingham, Mass.) was used at 150 C. IPM was injected directly onto the column and the peaks eluted were quantitated by peak height and identified with the LKB 9000 gas chromatographmass specrometer.
(iii) The pH and titratable acidity of the water extract were determined from 100 ml of IPM poured into a 250-ml centrifuge bottle containing 10 ml of distilled water. The ratio of IPM to water must be maintained at 10: 1 to obtain reliable data. The bottle was sealed tightly with a neoprene rubber stopper and placed in a position horizontal to the direction of movement of an Eberbach shaker and shaken vigorously at 250 strokes/min for 1 hr. The shaking time may be shortened to 5 min when shaken at 250 strokes/min. After shaking, the bottle was centrifuged at 1,800 rev/min for 20 min. The IPM layer was aspirated off, and 5 ml of the remaining water extract was pipetted into a beaker for the determination of pH and titratable acidity with a Beckman Expandomatic SS-2 pH meter. Titrations were made with 0.1, 0.01, and 0.001 N NaOH dispensed from a Hamilton microsyringe.
(iv) Acid, saponification, iodine, and ester values were determined by following methods described in USP XVIII (7) .
RESULTS

Toxicity of 1PM from various suppliers.
The microbial toxicity of filter-sterilized IPM differed greatly from lot to lot and from manufacturer to manufacturer ( Toxicity of compounds produced by heat sterilization. The results from the gas chromatographic analysis of IPM with the Porapak Q column indicated that the amounts of methanol, ethanol, isopropanol, butanol, isobutanol, propionaldehyde, and acetone increased with an increase in heat sterilization time (Fig. 3 and Table 3 ). Various quantities of isopropanol, acetone, propionaldehyde, and myristic acid which corresponded to the levels found in 6-, 12-, and 36-hr heat-sterilized IPM at 180 C were added either singularly or in combination into IPM supplied by Company B, and their effect on the D value was examined (Table 4) . Although some decreases in D value were noted by the addition of compounds, the resulting D values were not as low as that seen with 6-hr heat-sterilized IPM (D = 0.8 min). Also, the quantity of isopropanol in filter-sterilized IPM did not significantly correlate with D values observed.
The data also indicated that myristic acid even at the concentration of 20.6 mm showed no toxicity for P. aeruginosa. Galbraith et al. found that Pseudomonas phaseolicola was insensitive to 1.2 mm myristic acid whereas Bacillus megaterium was inhibited at 0.15 mm (3). Therefore, even though myristic acid was nontoxic to Pseudomonas, it would be toxic to gram-positive microorganisms; hence myristic acid would be an important factor to consider in the isolation of microorganisms from ointments. Efforts are being made to identify the unknown gas chromatographic peaks in heatsterilized IPM to determine their toxicity to microorganisms. trace amounts may remain in the IPM which may differ from lot to lot and from manufacturer to manufacturer. To determine whether residual quantities of acid catalysts contribute to the toxicity of filter-sterilized IPM, the catalyst p-toluene sulfonic acid was added to IPM at 20 and 2 liliters/liter, and the D values were determined (Table 5) . Reduction of D values by trace amounts of p-toluene sulfonic acid was dramatic. Therefore, it is possible that the toxicity differences seen with various sources of IPM and from lot to lot may be due to residual amounts of acid catalysts.
Toxicity of water extract. In our previous work it was indicated that the pH and titratable acidity of water extracts of heat-sterilized IPM correlated with the D values (6) . Therefore, pH and titratable acidity of water extracts were again examined (Tables 1, 2, 5 ). The pH showed excellent correlation with D values (r = 0.88), whereas the correlation between D value and the titratable acidity was smaller (r = 0.69). Therefore, the pH of a water extract of IPM may be used to select suitable lots for sterility testing of ointments.
Since the pH of the water extract correlated very well with the toxicity of IPM, the presence of toxic compounds in the extract was examined with the cylinder cup agar diffusion method by using P. aeruginosa as a test mi- croorganism. A zone of inhibition from a water extract of heat-sterilized IPM was detected, indicating that the toxic compounds are extracted in water. However, the agar diffusion method was not sensitive enough to detect minor differences in toxicity of filter-sterilized IPM. The possibility of developing a turbidimetric assay method by using the water extract is being investigated. Gas chromatographic analyses of water extracts were performed but were inconclusive other than for alcohols, aldehydes, and ketones. Neither the USP acid value method for fats and oils (7) nor pH commonly determined by adding 76 ml of 3A alcohol and 4 ml of water to 20 ml of IPM showed any correlation with the D value.
Removal of toxicity. A glass column packed with basic alumina was used to determine whether the toxic compounds in IPM could be adsorbed on basic alumina and thus improve the survival of P. aeruginosa.
(i) IPM manufactured by Company D, with the lowest D value (25.5 min) among the lots examined, was treated with basic alumina, and the D value was determined (Fig. 4) . The D value was considerably improved (181 min) and became comparable to the IPM from Company B which showed the highest D values.
(ii) The IPM which showed considerable reduction of D values by the addition of 2 jiliters of p-toluene sulfonic acid per liter (D = 2 min) was treated with basic alumina (Table  5) . Considerable improvement in D value was experienced with this treatment (D = 98 min).
(iii) Survival of P. aeruginosa in heat-sterilized IPM was improved by basic alumina treatment. As was reported previously (6), heat sterilization significantly decreased D values (from 83 to 0.8 min). The basic alumina treatment of the heat-sterilized IPM considerably improved the D value to 82 min (Fig. 5) .
The basic alumina treatment did not change the ointment -solubilizing characteristics; 
